
THE PECTORAL APPENDAGES O F  PRIONOTUS 
AND T H E I R  INNERVATION. 

ALBRO D. MORRILL. 

THE TrigZidae have attracted the attention of European an- 
atomists for more than three-quarters of a century on account 
of the remarkable finger-like processes of the pectoral fins. 
These processes, which have proved to be free fin rays, were 
found to be very richly supplied with nerves, and enlargements, 
or lobes, were found on the dorsal surface of the spinal cord, 
where these nerves united with it. 

Special efforts have been made to discover sense buds or 
other end organs in the epidermis of these free fin rays. 

The strong resemblance to such dermal appendages as bar- 
bels, led Merkel ( I )  to characterize them as wholly analogous 
in structure and function. 

No one has hitherto succeeded in finding sense-organs on 
these rays similar to those found on barbels, and there are 
great differences of opinion in regard to the peripheral termina- 
tion of the nerves in these organs. 

In the hope of settling some of these questions, I undertook 
the study of the Gurnards found along the Atlantic coast. 

I wish to acknowledge my great indebtedness to Dr. C. 0. 
Whitman, Director of the Marine Biological Laboratory at 
Woods Holl, at whose suggestion the work was undertaken, 
and also to Dr. J. P. McMurrich for many valuable suggestions 
received during the progress of the work. 

The representatives of the Gurnards found along our coast 
are different from those found in European waters. 

Two species which are quite abundant at Woods Holl were 
studied ; namely, Prionolus paZm$es Storey, and PviOnotzls evo- 
Z m s  GiZZ (14). These fish may attain the length of fifteen to 
eighteen inches and weigh one and a half to two pounds, but 
are generally much smaller. 
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The food of these fish consists of crabs, shrimps, and small 
fish (14), but they will eat pieces of beef, fish, or shark, and are 
particularly fond of pieces of clam or snail. 

They are very plentiful at Woods Holl during their spawning 
season, the latter part of May and the first of June. P. pal- 
m$es occurs in much greater numbers than P. evoZans. 

The pectoral fins, in both species, are very large, being about 
one-third as long as the body and nearly as broad as long. They 
extend horizontally from the sides of the body, when expanded, 
somewhat in the manner of wings, and it is owing to this that 
they have received the common names of brown-winged and 
red-winged sea-robins, according to the color of the fins. 

The term “grunter,” 
which is often applied to them, has reference to the peculiar 
sounds produced when disturbed. 
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They are also known as flying-fish. 

Nervous System. 

The central and peripheral nervous system of both species 
of Prionotus were studied by dissections and macerations. 

The differences between the two species are so small as far 
as the general arrangement is concerned, that a description 
will only be given of the species figured (P. paZmZ;aes, P1. XII, 
Fig. 3). 

The most noticeable feature of the central nervous system 
and the only part which will be considered here is the series of 
paired enlargements, six in number, on the dorsal surface of 
the spinal cord. These enlargements, or 6‘ accessory lobes” as 
designated by Ussow (IO), Fig. 3, ac.Z., are associated with the 
origin of the sensory roots of the first three pairs of spinal 
nerves (I, 11, and 111). The two anterior pairs of lobes are 
very indistinct ; in most cases the third pair is well developed, 
and the fourth and fifth are closely crowded together as if they 
had at one time been united. The posterior pair is much larger 
than any of the others. The first spinal nerve (I) arises from 
the first and second pair of “accessory lobes”; the second 
spinal nerve (11) from the third pair, and the extremely large 
third (111) receives fibers from the last five pairs of lobes. 
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The sensory root (Fig. 4, s.Y.) of the third spinal nerve is 
more than ten times as large as its motor root (Fig. 4, mar.) and 
extends forward between the motor and sensory roots of the 
second and first spinal nerves. The motor and sensory roots 
of the first and second spinal nerves, and the motor root of the 
third are about equal in size (Fig. 4). 

A nerve of the brachial plexus (Fig. 3, c) unites the second 
and third spinal nerves near their origin. 

The somewhat flask-shaped Jargements of the first three 
spinal nerves (g‘, gr’, and g”’) just after they arise from the 
cord, contain the spinal ganglia. 

The second spinal nerve (11) passes through a foramen 
formed by the clavicle and scapula. At  the posterior border 
of the pectoral fin the nerve bends nearly at right angles to 
penetrate and follow the triangular space between the proximal 
ends of the paired bones which form the skeleton of each ray 
and the distal border of the brachial ossicles where the rays 
articulate with the ossicles. The nerve extends forward and 
downward nearly to the anterior border of the fin where it 
unites by cross fibers with the two or three branches from the 
nerve (Fig. 3, 3) which supplies the posterior free ray. A 
branch of this nerve (11) is sent to each half of every fin ray 
(Fig. 3, n.f.r .  of 11) except the two or three anterior ones 
which are innervated by branches (Fig. 3, ~ . f . r . )  from the 
nerve of the posterior free ray (Fig. 3, 3) as already noted. 

The third spinal nerve (Fig. 3, 111) passes under the pectoral 
girdle and divides into three large branches (Fig 3, I ,  2, 3) quite 
near its origin. Each of these divisions, anterior (Fig. 3, I) ,  mid- 
dle (2) ,  and posterior (3), is much larger than the entire trunk 
of either the first (I) or second (11) spinal nerves. They lie on 
the inner surface of the muscles of the fin, just beneath the skin. 

The middle branch ( 2 )  divides into two parts (Fig. 3, A and 
B); the former innervates the second free ray, counting from 
the head, while the latter passes to the posterior surface of the 
third free ray and with the posterior branch (3) of the third 
spinal nerve (111) supplies that ray. The anterior branch of 
the third spinal nerve ( I )  furnishes the nerve supply for the 
first free ray. 
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In some cases the middle branch (2) of the third spinal nerve 
does not divide before reaching the base of the second free 
ray ; no branch is given in such a case to the third free ray. The 
nerves supplying the first and second free rays divide in each 
into two nearly equal rather large nerves and one or two small 
ones near the base of the ray. The larger nerves lie in the 
anterior and posterior portions of the rays and break up into 
smaller branches in their course, which can be traced to the 
papillated surface of the skin. There is considerable variation 
in the branching of these nerves. 

MorphoZogy of the Free Rays. 

The three free rays of the pectoral fins in both species of 
Prionotus have the form of hooked finger-like appendages, the 
distal tHird of each being bent almost at right angles to the 
proximal two-thirds. When the fish is swimming the free 
rays are held close to the body, and are hidden by the fins 
viewed from above or at the side. The fish when resting 
quietly on the bottom of a tank or pool brings these rays to a 
position parallel to each other, with the somewhat knob-shaped 
tips near the sides of the head, touching the surface on which 
the fish is resting and along a line which makes an angle, pos- 
teriorly, of ab6ut eighty degrees with the long axis of the body. 

These rays can be moved through an arc of 18oO; a con- 
siderably greater freedom of motion than is possessed by the 
other rays of the pectoral fin. The free rays increase in size 
from the first or anterior to the posterior, the latter being much 
longer as well as larger than the first. In P. aroZans, the free 
rays resemble normal fin rays to a considerable extent. They 
have, however, become imperfectly quadrilateral from the angle 
outward, and are slightly enlarged. In P. paZm$es there 
is considerable modification. Distally to the angle of the free 
ray, it is pentagonal in cross section with a reentrant angle on 
the faces which look backward when the ray is in the resting 
position (Figs. I and 2). The anterior face is the narrower 
and the outer the broader. The breadth of the distal portion 
of the free ray increases from the angle for about one-third of 
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its length and then gradually decreases to the end, making this 
portion of the ray resemble a pair of truncated pyramids placed 
base to base. Separating the anterior from the outer and inner 
faces are two narrow ridges (Fig. I, r and Y’), one on either 
side, which arise just proximally to the angle of the ray and 
passing outward gradually increase in height and breadth 
until they end abruptly in the knob-shaped terminal enlarge- 
ment ( K ) .  

The ridges are covered with cmical papillae which are closely 
confined to them untiI near the tip of the ray, where they spread 
out over the narrow intervening portion of the anterior face 
(Fig. I ) .  Papillae also appear on the outer and inner faces. 
They gradually increase in number from the posterior edges of 
these surfaces until they completely cover them a short distance 
from the tip ; consequently the proximal fourth of the knob- 
like end of the ray is completely covered with papillae, those 
nearest the tip being the largest, . I  5 mm. in diameter. There 
are no papillae on the faces which form the reentrant angle 
(Fig. 2). The size of the papillae varies from .08 mm. to . I  5 mm. 
in diameter. The smaller ones are scattered between the 
larger. 

The largest papillae occur, as already stated, at the tips, 
while others of nearly equal size are found on the ridges sepa- 
rating the anterior from the outer and inner surfaces of the 
ray. The color of these appendages from the angle to the tip 
is lemon yellow, but is dotted with many stellate black pigment 
masses, scattered irregularly over their surfaces. 

SKeZeton of Free Rays. 

The skeleton of each of the free rays consists of two tapering 
parallel osseous rods, each of which is composed of a great 
number of semi-transparent, cylindrical bodies joined end to 
end by thin opaque discs of a cartilaginous substance. Near 
their proximal ends the skeletal rods become completely ossi- 
fied, the jointed structure wholly disappearing. The rods, which 
are arranged dorso-ventrally, diverge near their bases to form a 
triangular space. They are also slightly enlarged at their points 



I 82 MORRILL. [VOL. XI. 

of articulation with the metapterygial bone. The ventral rod 
has a flattened conical enlargement on its posterior border for 
the insertion of the muscles which move the ray. This projec- 
tion has a height more than twice as great as the diameter of 
the rod. The halves of the skeleton of the ray approach each 
other distally. Their inner surfaces are quite firmly bound to- 
gether by dense connective tissue. Each rod is nearly round 
in section near its base, but becomes considerably flattened 
dorso-ventrally in its distal half. The connective tissue in the 
free rays is very abundant and dense. 

Muscles and H o o d  Supp&. 
Three pairs of quite large muscles control the movements of 

each free ray. 
The similarity of the musculature to that described in TrzgZa 

makes it unnecessary to give a detailed description at this 
time. 

The general arrangement of the blood vessels in the free 
rays will be indicated in describing the cross section. 

DmeZbpment. 
I n  a young sea-robin, probably P. evolans, 10 mm. in length, 

the anterior rays were as yet not in any way distinguished from 
the others, since their separation from the fin had not begun, 
being still united to them by the web of the fin. During the 

first day after its capture this fish increased 2 mm. in length, 
and the membrane connecting the three anterior rays had 
begun to disappear (Fig. I). The separation began by the 
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shrinking away of the web between the rays, apparently by 
absorption. This gradually increased until first the outer parts 
of each ray were free (Fig. 2). The fish now measured 14 
mm. in length. Toward evening of the second day, when the 
fish was 17 mm. in length, the rays were almost entirely free, 
only a very small portion of the connecting membrane remained, 
(Fig. 3) and this eventually disappeared. The process was 
almost identical in several other specimens which were ex- 
amined. 

Methods. 

In  studying the anatomy of the nerve-supply of the pectoral 
appendages, the anterior half of the body was macerated from 
one to three days, according to the size, in 40F nitric acid. 
This was rendered necessary by the thick osseous covering of 
the head of the fish. In the dissection of these acid prepara- 
tions, porcupine quills were used. 

The nerves when freed from the muscles and connective 
tissue were preserved in 709 alcohol. 

For the study of the histology of the free rays, the following 
reagents gave satisfactory results : Kleinenberg’s picro-sul- 
phuric acid, osmic acid, Merkel’s fluid, and Miiller’s fluid. The 
specimens were washed and preserved in alcohol, passing from 
50$-70%, where they remained until used. 

The results obtained by the use of Merkel’s fluid were in 
some respects the most satisfactory. The paraffine method 
was used for obtaining sections which were cut 5 mm. in thick- 
ness. The tissues were stained, in mass, with Delafield’s 
haematoxylin or borax carmine. In studying the peripheral 
terminations of the nerves in these rays, Dogiel’s (9) method 
of using methylen blue gave very suggestive results, but the 
picrate of ammonia, used to fix the blue, macerated the epider- 
mis so that the ultimate nerve-endings could not be studied as 
carefully as would have been possible if the epidermis could 
have been sectioned in place. The best demonstration of the 
nerve-endings which I obtained, aside from Golgi, was by the 
use of Mitrophanow’s gold chloride meihod as quoted by Ma- 
callum (7). Perfectly fresh tissue was treated with a 1% soh- 
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tion of gold chloride for one hour, then rinsed in distilled water 
and placed in a 10% solution of formic acid, and kept in the 
dark for twenty-four hours. Very little difference was found 
in the results obtained by treating the tissue first with 10% 

formic acid for fifteen minutes and then for fifteen minutes 
with 1% gold chloride. The gold was reduced in this case in 
a weak solution ( 2  or 3%)  of formic acid in the direct sunlight. 

Tissues stained by these methods were imbedded in paraffine 
by the usual methods, and sections 2 mm. in thickness were cut 
and mounted in Canada balsam. 

The rapid Golgi method gave much more complete demon- 
strations of the distribution of the nerves in the epidermis than 
any other method. 

Histo Zogy . 
Cross sections of the free rays of both species of Pnknotus 

were made about half an inch from the tip of the ray. In P. 
paZm@es the section is somewhat quadrilateral in form, but 
three of the faces have reentrant angles, making seven imper- 
fectly marked sides as shown in the outline (Fig. 5 ) .  

Covering the epidermis of the free rays is a semi-transparent 
layer composed of hyaline prisms, each forming a cap over a 
single cell and probably secreted by it. A similar layer is 
called the cuticle by Jourdan (4) in his paper on Peristedion. 
The cuticle is easily separated from the underlying epidermal 
cells by the action of reagents. It is thinnest over the papillae, 
and thickest on the surfaces which look backward (Fig. 5 c) 

when the ray is in the resting position. This cuticular layer is 
very slightly stained by reagents, and shows no nuclei. 

The epidermis consists of five or six irregular layers of 
closely crowded cells. The epidermis will be considered more 
fully in connection with the nerve endings. 

Numerous nerve trunks of various sizes are arranged, as seen 
in the section (Fig. 5 n), nearly parallel to the outer and inner 
faces of the ray, but lie considerably below the skin. They are 
closely crowded together around the flattened skeletal bones 
(Fig. 5 ,  I and 2) which occupy the center of the ray. The 
sections of the parts of the axial skeleton are somewhat crescent- 
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shaped with their long diameters extending in an antero-posterior 
direction. The parts of the axial skeleton are separated inter- 
nally by connective tissue, which holds them firmly in place. 

The blood vessels (Fig 5 ,  b) are arranged in four groups 
about the central skeleton, each face having its group. 

In P. evuhns the section is much more nearly quadrilateral 
in outline (Fig. 6). The same general arrangement of parts 
exists as in P. faZmi$es, as will be seen from the figures. 

Over the papillae (Fig. 7) of the free rays the cells forming 
the outer layer (Fig. 7, p )  of the epidermis in P. paZnipes are 
somewhat columnar in shape. The outer portion of each cell 
stains very imperfectly, while the large nucleus which is found 
near the inner end takes the stain readily. 

The inner row of cells (Fig. 7, b) has at this portion of the 
ray been transformed into a layer of cylindrical epithelial cells 
placed perpendicular to the basement membrane on which it 
rests. This layer constitutes more than one-third of the entire 
thickness of the epidermis. 

There seems to be considerable uniformity in the position 
of the nuclei of the outer layer of cells, since all are placed 
with their long axes transverse to the long axis of their respec- 
tive cells. In  the inner row of cells (Fig. 7, b) the long axes 
of the nuclei and cells coincide. The intermediate rows of epi- 
dermal cells have not undergone any modification except that 
large spindle-shaped, deeply staining cells arranged perpendicu- 
larly to the surface of the papillae and broadest on their inner 
ends are found quite regularly among them, but varying in 
position. 

The epidermis is still more highly modified on the surfaces 
forming the reentrant angle. The outer layer has become 
thickened, and the cells have assumed a spindle form. The 
inner layer is similar to that found over the papillae, but much 
thinner, and the intermediate cells have become more than twice 
as numerous as they are elsewhere on the ray. The spindle- 
shaped cells are more abundant than over the papillae. There 
is no sharp line of demarcation between the epidermis on this 
portion of the ray and that over the papillae, as one passes 
gradually into the other. 
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There are no papillae on the surface of the free rays of P. 
evolans. The epidermis closely resembles that already described 
for the faces of the reentrant angle in the free rays of P.paZ- 
mz$es, except that the spindie-shaped cells are crowded together 
at certain points (Figs. 8, 9, and IO), and the cuticle is thinner 
and does not show perpendicular striae. 

Nerve Temzinations. 

The nerves in the free rays form a plexus just beneath the 
surface of the epidermis (Figs. 7, 9, 10, 13, and 16, sp.). The 
fibers in this plexus are very closely crowded under the papillae 
in P.paZmz$es, and less so beneath the longitudinal ridges in 
P. evoZans. Nerve fibers (Figs. 7, 8, 9, and 10, nf.) from the 
plexus, in both species of Pn’onotus, penetrate the basement 
membrane and pass out between the cells of the inner layer of 
the epidermal cells, where they divide, sending numerous 
branches in all directions along the distal ends of the inner 
layer of epidermal cells. These fibers soon curve outward, a 
large proportion of them ending free just below the cuticle, 
while a smaller number are directly connected with spindle- 
shaped cells (Figs. 10, 1 1 ,  13,  15, 16, and 17) the outer ends 
of which extend to the cuticle. A single detached cell and 
nerve fiber is seen in Fig. 17 from a methylen blue p rep  
aration. 

The gold chloride preparations agreed very closely with those 
obtained by Golgi’s rapid method. The latter (Figs. 12-16), 
however, showed much greater detail, and brought out the epi- 
dermal plexus with great distinctness, a point very imperfectly 
shown by the use of gold chloride. 

The manner of the nerve ending in the epidermis, between 
the papillae (Fig. 12) in P. paZm@s, was similar to that over 
the papillae, except that the nerve fibers were widely scattered 
and nerve cells rarely found. The peripheral nerve fibers in 
P. evoZuns were similar to those in the general epidermis of 
P. paZm$es, but are fewer in number and more easily studied 
by the gold chloride method. 
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Historica X 
Dr. Harrison Allen ( I  I) found four layers of epidermal cells 

in P. paZmz;be.s, but does not describe the modifications which 
arise in the epidermis over the surface of the papillae, and does 
not describe the manner of the nerve endings. 

As already noted, the Tyiglidae have received considerable 
attention from European anatomists. In  I 808 Samuel Collins 
discovered the enlargements on the spinal cord, and in 1 8 1  I 

Tiedeman (12) observed that the free rays were in some way 
related to the spinal enlargements. The latter also described 
and figured the musculature of the free rays. 

Deslongchamp, who was the first to observe these fish in 
captivity, claimed that the free rays were organs of locomotion. 
Tiedeman (I 2) records having seen a TngZu move on the deck 
of a ship by means of the free rays. 

The muscles of the free rays were carefully studied by Des- 
longchamp, and later by Jobert (2) .  The latter states that 
there are many anomalies. 

Jobert ( 2 )  concludes that the free rays are modified fin rays. 
The cross sections of the free ray of TngZa, as shown by 

Jobert (2) and Zincone (3), are elliptical, with the antero-pos- 
terior diameter nearly twice as great as the one at right angles 
to it. The general arrangement of the axial skeleton nerves 
and blood vessels is essentially the same as in Pn’onotzcs. No 
detailed drawings of the epidermis are given. 

From the descriptions given by Jourdan (4), Jobert (2 ) ,  and 
Zincone (3), the epidermis of the free rays of TniZa resembles 
that in Peristedion more than that in P?ionotus. 

There is a sub-epidermal nerve plexus as in Pnbmtw. Mer- 
kel ( I )  was able to trace the nerve fibers into the epidermis, 
but could not follow them. Jobert (2) by the use of gold chlo- 
ride, found each fiber connected with a small terminal body 
(corps Cpidermique) in the epidermis which measured ,004 to 
005 mm. in diameter. Zincone (3) claims to have found nerve 

fibers continuous with spindle-shaped cells, 
Jourdan (4) found the non-medullated nerve fibers of the 

free rays of Peristedion terminating in small papillae on the 
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surface of the dermis insinuated between the cells of the basal 
layer of the epidermis. In  some cases this investigator ob- 
served a small terminal enlargement in the papillae, the exact 
location of which was not indicated. 

The  drawings of the dorsal surface of the brain and spinal 
cord of TrigZa adriatica given by Tiedeman (12), together 
with his descriptions, show considerable difference between 
the first three spinal nerves in TrkZa and Prionotz~s. 

The  first spinal nerve in TrigZa is the largest, and arises by 
three roots, each from the side of an enlargement. The second 
spinal nerve arises from the fourth enlargement only, while the 
third spinal nerve arises by two roots, one from the fifth and 
the other from the sixth enlargement. 

The six pairs of spinal enlargements, or accessory lobes ( IO), 
are small and appear to be equal in size and distinctness, which 
is far from being true for Prionotzis. 

Tiedeman (12) found that the fibers of the posterior root of 
the third spinal nerve were generally very fine, while those of 
the anterior root were quite coarse. Most of the nerve trunks 
contained both kinds of fibers, or, as in the case of the branch 
t o  the swimming bladder, the fibers were all of the coarser 
variety. A similar difference in the size of the nerve fibers was 
observed in Pn'o~tus .  

PhysioZogy. 

When specimens of Pn'onotus were placed in a tank of water 
in the bottom of which there were several inches of sand, the 
fish buried themselves in the sand very quickly by a rapid 
rolling movement as they rested upon its surface. The  sand 
was thrown out on either side and settled over the surface of 
the body so that in most cases only the eyes, top of the head, 
and the tip of the nose were visible. Two openings, one on 
either side of the posterior dorsal portion of the gill-covers for 
the escape of the water which was taken into the mouth, be- 
came visible as the water was forced out. 

Little or  no attention was generally paid to food for a few 
moments after it was placed in the water, but as the fish swam 
over it, as it lay upon the sand or bottom of the tank, the free 
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rays came in contact with it. The fish immediately began to 
move the free rays much more rapidly than usual, passing them 
over the piece of meat or fish several times, and then by a 
rapid lateral movement snapped it up. 

After finding two or three pieces of food the fish were guided 
by sight, apparently, as they swam across the tank to catch the 
food before it reached the bottom when fresh pieces were 
thrown to them. In the large fish ponds of the United States 
Fish Commission the fish often swam ten feet and were able to 
secure the food before it reached the bottom, the water being 
from four to five feet deep. The fish frequently became so 
excited that any light-colored object was taken into the mouth, 
such as bones, small pebbles, and pieces of shell. In one case 
two large specimens of P. evolans rushed at the same piece of 
meat and missing it caught each other's jaws instead. 

Tainted meat was 
quickly rejected from the mouth although it might be taken in 
again almost immediately, only to be thrown out. The same 
piece of tainted meat was sometimes taken by several fish in 
succession and then lay unnoticed. Pieces of meat dripping 
with turpentine were swallowed as readily as the pieces which 
had not been treated with it. 

I n  order to test the use of the free rays independently of 
sight the crystalline lenses and cornea were removed from 
some fish and in other cases the cornea was covered with 
varnish, balsam, or tar. The repeated experiments were 
negative in their results, as the fish paid no attention to the 
food, even when it was placed in contact with the free rays. 

Bateson (13) claims that the TyigZidae do not take food at 
night. I have not been able to prove that Prionotzu takes 
food in darkness. 

To test the effect of removing the free rays, fish were 
selected which took food readily and the free rays were all 
amputated close to  the body in some cases, and in others they 
were left of different lengths. 

When the free rays were all removed the fish occasionally 
detected food by sight. In  one case I saw normal movements 
of the stumps of the free rays when food fell on the bottom of 

Inedible objects were quickly dropped. 
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the tank near the mutilated fish. The ends of the stumps of 
the free rays were more than an inch from the food. No effort 
was made to take the food. 

The movements of the free rays of Prionotus resemble walk- 
ing so closely that it is natural that the free rays should be 
looked upon as locomotor organs. The early observers of the 
European TrigZiidae held this view. The movements of the 
free rays are exactly the same when the fish swim upward in 
contact with the glass sides of the tank as when swimming 
along the bottom. 

These fish have been observed several times to turn over 
small stones and shells, as they swam along the bottom, by 
means of the free rays. 

The place covered by the stone or shell was subsequently 
thoroughly examined by means of the free rays, apparently in 
the search for food. 

The method of nerve termination described by Ranvier (8) 
and other authors ( 5  and 7), as characteristic of organs of touch 
is very much like that found in Pmbnotus. This together with 
the physiological evidence, so far obtained, from the study of 
the Gurnards, strengthens the opinion that the free rays have 
been modified for tactile purposes, and that they are mainly if 
not altogether used in searching for food. 

HAMILTON COLLEGE, CLINTON, N. Y. 
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EXPLANATION O F  PLATE XII. 

FIG. I .  Anterior surface of free ray of P.pa1mipes Storer, when in the resting 
position, showing ridges r and r' covered with papillae and terminal knob R. 
Drawn by R. Takano. 

Posterior surface of same showing reentrant angle a, marginal papillae 
p ,  and terminal knob K. 

Maceration showing dorsal view of anterior portion of central nervous 
system of P. palmapes Sforer, with the branches of the three first spinal nerves, I, 
11, and I11 ; O h .  and 01.6. nerve and bulb ; 0p.n. and 0p.Z. optic nerve and lobe ; 
Cb. cerebrum ; cbZ. cerebellum ; ac.Z. six pairs of accessory lobes on spinal cord ; 
I ,  z ,  3, main branches of third spinal nerve (111) : A and B, divisions of z ; a and 
6,  principal secondary divisions of I ; c and d, divisions of A ; e, anterior branch of 
3; fa. continuation of 8; K ,  I ,  and m, portions of dermal covering at tips of rays 
to show distribution of the nerves distally; n$r. nerve fibres of rays, one branch 
being distributed to each half of the ray; g, ti, i, and j, branches of 3 ; c, a nerve 
of the branchial plexus connecting second, 11, and third, 111, spinal nerves ; g"', 
ganglionic enlargement of the third, 111, spinal nerve. 

Ventral surface of same preparation ; m.r. motor root ; I.Y. extremely 
large sensory root ; In. infundibulum ; Z i .  lobes inferiores ; IV and V, fourth and 
fifth spinal nerves. X 2. 

Cross section of free ray of P. paZmipes Storer, made inch from 
distal end ; a,  p ,  0, and i, anterior, posterior, outer, and inner surfaces ; c, thickened 
cuticle shown on surfaces forming reentrant angle r ;  I and z, bones of ray; 6,  
blood vessels ; n, nerves. 

Cross section of free ray of P. evolans GiZZ, inch from distal end. 
The letters are the same as in Fig. 5. 

Vertical section of a papilla of free ray of P. PaImipes Storer; c, 
cuticle ; 6, proximal layer of epidermal cells ; p,  peripheral layer ; $9, subepidermal 
plexus ; nJ nerve fibers. Obj. 6 VCrick ; cam. luc. Abbe. Gold chloride prepara- 
tion. 

The parts are indi- 
cated as in Fig. 7, b.m. basement membrane ; S.C. sensory cell. Obj. 6 Verick ; 
cam. luc. Abbe ; gold preparation. 

X 6. 
FIG. 2. 

FIG. 3. 
X 6. Drawn by R. Takano. 

X 2. 

FIG. 4. 

FIG. 5. 

X 30. 
FIG. 6. 

FIG. 7. 
X 30. 

FIG. 8. Cross section of epidermis of P. evolans Gill. 

FIGS. 9 and 10. Similar to Fig. 8. 
FIGS. I I.  Sensory cells from P. evolans GiZZ, showing nerve fibers, nJ cuticle, c ; 

nucleus of cell c and terminal enlargement of cell Le. Gold chloride preparation. 
Zeiss, oc. 4, 

FIG. 12. Golgi preparation of epidermis of P.paZmipes Storer, showing distri- 
bution of nerve fibers. Zeiss, oc. 4, obj. D. 

FIG. I 3. Similar to Fig. IZ, showing portion of subepidermal and epidermal 
plexii with sensory cell. 

FIG. 14. Similar to Figs. I Z  and 13. 
FIG. 15. Golgi preparation similar to 12, 13, and 14. 

FIG. 16. Similar to preceding. Zeiss, oc. 4, obj. D.; cam. luc. Abbe. 
FIG. 17. An isolated sensorycell and nerve fiber from methylen blue prep. 

oil im.; cam. luc. Abbe. 

Zeiss, oc. 4, 2z oil im., cam. luc. Abbe. 
Oc. 4, obj. D.; cam. luc. Abbe. 

sp, nerve fibers as they 
leave the subepidermal plexus. Zeiss, oc. 4, ?2 oil im.; cam. luc. Abbe. 

aration. 






